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Abstract: We report a simple real time optical imaging concept using an axicon lens to image 

the object kept behind opaque obstacles in free space. The proposed concept underlines the 

importance and advantages of using an axicon lens compared to a conventional lens to image 

behind the obstacle. The potential of this imaging concept is demonstrated by imaging the 

insertion of surgical needle in biological specimen in real time, without blocking the field of 

view. It is envisaged that this proposed concepts and methodology can make a telling impact 

in a wide variety of areas especially for diagnostics, therapeutics and microscopy applications. 
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1. Introduction 

Despite the advancements in optical technology and optics based imaging schemes, it has 

been hitherto impossible when the sample or test target needs to be imaged behind opaque 

objects. For instance, most frequently used medical procedure is injection, with an estimated 

20 billion injections administered each year worldwide [1]. There are needle injuries (cuts) 

reported due to blind injection or improper position of needle caused due to the blocking of 

the field of view of the sample by the needle during insertion. There are also reports where the 

surgical tools obstruct the field of view, especially when dealing with extremely small 

structures [2]. Therefore there is a critical need for designing imaging systems which can 

image behind opaque obstacles for many such applications. 

Axicon lens which was introduced by Macleod [3] in the mid 1950’s has been one of the 

primarily used optical element to illustrate self-reconstruction property of light beams [4, 5]. 

Self-reconstruction beams have the property to reconstruct by the interfering beams after 

being partially obstructed by an obstacle. Bessel beam is one such beam type which has the 

remarkable characteristics of diffraction free propagation with the self-reconstruction ability 

[6], which made it an excellent candidate in a wide range of applications [7, 8] such as optical 

imaging, atom tweezing, information extraction, metrology. 

Axicon lenses in recent years, specifically in the area of microscopy have been principally 

utilized to image deeper into inhomogeneous scattering media [9, 10] as well as to attain high 

resolution imaging [11, 12]. In a notable study, using axicon lens phenomenon of light beam 

reconstruction after propagating through a plane of beads or a suspension of small beads was 

demonstrated [13]. In addition to generation of non-diffracting Bessel like beams, axicon lens 

also enables collimation of conical wave fronts efficiently [14]. In fact, there are studies 

which have utilized axicon lens specifically as an optical element for improving the collection 

efficiency of light [15]. 
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A recent article by Stoner et al. indicates, through simulations, that an axicon lens can 

collect the fluorescence from the optical axis and concentrate into a single spot which enables 

fluorescence volume imaging [16]. Another interesting feature of axicon lens is its extended 

focal depth and this feature has been used in many studies [17–20]. Though axicon lens has 

these interesting features, they have not been relatively explored to its potential in the imaging 

context of viewing behind opaque obstacles. On the contrary, modern microscopy research 

focuses on improving the spatial, temporal and axial resolutions [21]. 

In this article, we demonstrate for the first time how to image behind opaque obstacles, 

blocking the field of view during imaging in free space using a single axicon lens. The 

imaging concept is demonstrated in three different configurations: transillumination, 

reflection and fluorescence mode. We have performed optical ray tracing using Zemax and 

experimental demonstrations to address the advantages of axicon lens over the conventional 

lens while imaging behind an opaque obstacle in real time. Using an axicon lens, real time 

imaging behind obstacles having different shapes, sizes and textures are carried out with 

white light (incoherent) and laser beam (coherent) sources. The proof of concept of using this 

imaging concept is demonstrated by circumventing the blocking of view by the surgical 

needle during needle insertion. 

2. Materials and methods 

2.1 Optical configuration 

In this study, we have used three different optical schemes using axicon lens to demonstrate 

imaging capability behind an obstacle in free space: reflectance, transillumination and 

fluorescence (Fig. 1). In all these experimental configurations, axicon lens (AX255-A, Apex 

angle 170°, Material: UVFS, Thorlabs) have been used. In fact, we have used axicon lens 

with different apex angles such as 110°, 140°, 160° and 170°. However, as we require a large 

depth of focus (DOF), it is found that the apex angle with 170° is more suitable for this study. 

For the reflection and fluorescence imaging, the illumination and imaging are performed 

through the same axicon lens (Fig. 1(a) and Fig. 1(c)). On the contrary, for the 

transillumination configuration, only imaging is done through the axicon lens and the 

illumination is provided separately as shown in Fig. 1(b). Both white light (Correct Shimadzu 

FA-150EN Fiber Illuminator, Japan) and a 488 nm continuous wave laser (Coherent Inc.) are 

used as illumination sources for trans-illumination and reflection, and fluorescent imaging 

respectively(Fig. 1(c)). The axicon lens and tube lens were separated by 8 cm (fixed position). 

A tube lens (ITL200, Thorlabs) is used before the camera for effective light collection. The 

emitted fluorescence is collected through an emission filter (LPD01-488RS Semrock, 

Rochester, New York) and imaged by the camera. All the images were captured by Andor 

iXon3 EMCCD camera. The camera was positioned at the focus position of the tube lens 

(14.8 cm). 

2.2 Materials 

For the resolution experiments, the test sample used was a 1951 USAF test chart (2” x 2” 

USAF Glass Slide Resolution Target, Edmund Optics). We have used the fixed mouse kidney 

sections (Life Technologies, Inc.) as the test samples. The mouse kidney section was labeled 

with the fluorescent dye, Alexa Fluor 488 wheat germ agglutinin (Ex Peak = 490 nm, Em Peak = 

525 nm). 

We have also utilized Zemax software to perform optical ray tracing and ImageJ software 

for performing image contrast enhancements. 
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Fig. 1. Optical configuration using axicon lens. (a) Reflection imaging. (b) Trans-illumination. 
(c) Fluorescence imaging. (Distance between the components are not representative. Exact 

distances are mentioned in the section 2.1. 
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3. Results 

3.1 Comparison of axicon lens with conventional lens 

 

Fig. 2. Illustration of image formation (point source) behind an obstacle for the conventional 

lens at different focus depth. (a) Ray diagram and detector view for the biconvex lens (LB1904 

- N-BK7 Bi-Convex Lens, f = 125 mm, Thorlabs) placed 120 mm from an obstacle 
(rectangular absorbing medium, 2). (b) Ray diagram and detector view for biconvex lens 

placed 57.5 mm from the obstacle. (c) Ray diagram and detector view for biconvex lens placed 

3 mm from the obstacle. Note: 1 is a point source illumination, 2 is a rectangular obstacle (10 
mm X 0.05 mm, absorbing medium), 3 is a biconvex lens (125 mm focal length, 25 mm 

diameter) and 4 is the detector. The distance between point source and obstacle is fixed at 5 

mm for all the measurements. The detector is placed at the same position during all 
measurements. Both YZ and XZ views of the optical simulation are given for a, b and c. 
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As a first step, to address the advantage of using axicon lens over the conventional lenses such 

as plano convex or biconvex lenses (with long focal length) for performing imaging behind 

obstacle as proposed in this study, both optical simulation and experiments were performed. 

Zemax optical simulation of a point source imaged behind an opaque obstacle using a 

conventional lens is shown in Fig. 2. In order to mimic an obstacle during imaging a 

rectangular rod (10 mm X 0.05 mm) of 100% absorption is placed in the center of the light 

path between the object and the imaging end (in the FOV) at various distances. The 

simulation results show that a conventional lens can only image behind an obstacle when the 

sample to be imaged is kept at the focus spot or near to the focus depending on the DOF of 

the lens. It is evident from Fig. 2(b) and 2(c), when the sample is out of focus, the detector 

view is clearly blocked by the obstacle. In contrast, Zemax simulation given in Fig. 3 

illustrates that an axicon lens with an extended DOF can image behind such opaque obstacle 

for samples placed at different imaging plane. Notably, even when the axicon lens is kept 

close to the obstacle or imaging object (Fig. 3(c)), the imaging behind obstacle is possible. 

The optical simulation is further corroborated with experiments. In Visualization 1, 

comparison of a conventional large DOF lens with an axicon lens using USAF chart as the 

object is demonstrated. From these results, it is evident that unlike an axicon lens, it is 

impossible for the conventional lens to image an object at all points from the lens surface to 

its focal position (while keeping the object still in focus). Both simulation and experimental 

results clearly demonstrate that axicon has significant advantages over a conventional lens 

when imaging behind obstacle at different positions. 
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Fig. 3. Illustration of image formation (point source) behind an obstacle for axicon at different 

focus depth. (a) Ray diagram and detector view for axicon lens placed 120 mm from an 

obstacle (rectangular absorbing medium, (b) Ray diagram and detector view for axicon lens 
placed 57.5 mm from the obstacle. (c) Ray diagram and detector view for axicon lens placed 3 

mm from the obstacle. Note: 1 is a point source illumination, 2 is a rectangular obstacle (10 
mm X 0.05 mm, absorbing medium), 3 is an axicon lens (25 mm diameter) and 4 is the 

detector. The distance between point source and obstacle is fixed at 5 mm for all the 

measurements. The detector is also placed at the same position during all measurements. Both 
YZ and XZ views of the optical simulation are given for a, b and c. The axicon apex angle is 

oriented towards the point source (left side). 

3.2 White light reflection and trans-illumination imaging behind an opaque obstacle 

Figure 4 present images of USAF resolution chart behind various opaque obstacles having 

different shapes, sizes and texture in real time using an axicon lens in the reflection scheme. 

(The schematic diagram of the reflection setup is shown in Fig. 1(a)). Figure 4(a) and 4(b) 

shows the USAF resolution chart behind an Allen key of thickness 0.7 mm and behind a 

surgical needle of thickness 0.35 mm imaged using the proposed method. Image formation of 

USAF chart elements behind plastic pinhead coated with paint having a thickness of 3.5 mm 

is illustrated in Fig. 4(c). Figure 4(d), further illustrate USAF chart imaged behind a metallic 

pin of size 0.5 mm. It is also noted that images of the sample behind obstacles as big as 0.7 

mm are achieved even when obstacles are placed as close as 0.5 mm from the USAF chart. 
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Fig. 4. Imaging behind obstacles using white light reflection method. (a) Image of USAF chart 
elements behind Allen key of thickness 0.7 mm, placed at a distance of 0.5 mm from the USAF 

chart. (b) Image of USAF chart elements behind surgical needle (eye) of thickness 0.35 mm, 

placed at a distance of 0.5 mm from the USAF chart. (c) Image of USAF chart elements behind 
pin head of 3.5 mm thickness placed at a distance of 3 cm from the USAF chart. (d) Image of 

USAF chart elements behind pin 0.5 mm thickness placed at a distance of 0.5 mm and 3 cm 

from the USAF chart. 

                                                                           Vol. 7, No. 12 | 1 Dec 2016 | BIOMEDICAL OPTICS EXPRESS 5315 



 

Fig. 5. Imaging behind opaque obstacles using transillumination method. (a) Image of USAF 
chart elements behind a stitching needle of thickness 0.6 mm. (b) Image of the USAF chart 

elements behind a paper pin head of thickness 3.5 mm. The inset shows pin head region 

processed to enhance the contrast to see reconstruction with better clarity. (c) Image of USAF 
chart elements behind a syringe needle of 0.35 mm thickness. 

Similar imaging behind opaque obstacles using axicon is demonstrated in trans-

illumination configuration (Fig. 5). (The schematic diagram of the trans-illumination setup is 

shown in Fig. 1(b)). Figure 5(a) and 5(b) show the obtained imaging results using USAF 

resolution chart as the test samples kept behind a stitching needle of thickness 0.6 mm and a 

metal pin head of thickness 3.5 mm, respectively. Further, the processed image is shown as an 

inset with higher contrast in Fig. 5(b). Image formation of USAF chart elements behind the 

surgical needle having a thickness of 0.35 mm is illustrated in Fig. 5(c). It is to be mentioned 

that the axicon position has to be optimized with respect to the sample in order to get the 

image reconstructed without the obstacle masking it. (By optimization we mean the position 

of axicon lens with respect to the obstacle). So for different obstacle depending on their size, 

the position of axicon has to be optimized. These results confirm that axicon lens can be used 

to image behind obstacles in white light using simple reflection or trans-illumination 

configuration. 

3.3 Fluorescence imaging behind opaque objects 

The schematic diagram of the laser based fluorescence imaging system using axicon lens is 

illustrated in Fig. 1(c). Bessel like beam was generated by propagating a Gaussian beam 

through an axicon lens. The Bessel beam thus generated is used to illuminate the sample. Both 
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the illumination and imaging are carried out through the same axicon lens. A high pass filter 

(above 500 nm) is used in the fluorescence imaging mode to discard the excitation beam and 

to avoid the shadow effects. 

Figure 6(a) shows elements in the 1951 USAF resolution chart behind a paper pin of 

thickness 0.5 mm imaged in real time (This result is corroborated further with video proof 

shown in Visualization 2). The feasibility of imaging through the opaque object is further 

demonstrated by imaging mouse kidney cell clusters behind an Allen key of thickness 0.7 mm 

(Fig. 6(b)). Inset is the image processed region of the imaged area, in Fig. 6(b) is an image 

with enhanced contrast. The above illustrations validate the proposed concept and 

methodology that such small structures can be imaged even when there are opaque obstacles 

between the sample and imaging unit. 

 

Fig. 6. Illustration of image formation behind obstacles using a laser. (a) Image formation of 

USAF chart elements behind syringe needle of 0.35 mm thickness. This imaging is performed 
in reflection mode. (b) Image of cell clusters behind Allen key of thickness 0.7 mm. This 

imaging is performed in fluorescence configuration. The inset shows the highlighted region 

(laser spot) in Allen key which is processed to enhance the contrast of the image formed 
behind Allen key. Basic brightness, contrast and filtering (‘unsharp mask’) adjustments using 

ImageJ software were performed as part of the image processing. 
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3.4 Axicon-objective lens unit 

 

Fig. 7. Illustration of extended focus depth by a combination of the axicon and conventional 

lens using Zemax simulations. (a) Ray diagram of the conventional plano-convex lens 

(LA1986 - N-BK7 Plano-Convex Lens, F = 125 mm, Thorlabs) with shallow focus depth 
(focal length 125 mm). (b) Ray diagram of axicon lens. (c) Ray diagram of combined axicon 

(170°) and plano-convex lens demonstrating extended DOF. The distance between axicon and 

convex lens is 10 mm. 

The imaging method described in previous sections using an axicon lens has poor image 

resolution (Fig. 4 and Fig. 5). As described in the above section, a conventional lens 

(objective) cannot image behind an obstacle at different imaging planes in real time as 

compared to an axicon. We have introduced an axicon lens close to the conventional lens so 

as to increase DOF (see Fig. 7). This overall increase in DOF allow the combined axicon-

conventional lens unit to image behind obstacle kept at different planes (not possible with 

same conventional lens alone, Fig. 2). This result is demonstrated with Zemax simulation, 

Fig. 8. With this concept, we developed the imaging system with combined axicon–

microscopic objective (10X, 0.25 NA, Newport) lens unit, which can perform imaging behind 

an obstacle with higher resolution (Fig. 8(d)). 

In order to prove the improved overall resolution of the axicon-objective lens unit, as 

compared to single axicon lens, we have given images of USAF 1951 resolution test charts in 

Fig. 9. It is evident from these images that the axicon lens combined with objective lens unit 

can resolve group 7 element 6 of USAF test chart, which has a line thickness of 2.19 µm. 
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Fig. 8. Zemax simulation and optical setup of the axicon and a conventional lens unit (LB1904 

- N-BK7 Bi-Convex Lens, f = 125 mm, Thorlabs). (a) Ray diagram and detector view for lens 
unit placed 57.5 mm from an obstacle (rectangular absorbing medium, 2). (b) Ray diagram and 

detector view for lens unit placed 25 mm from the obstacle. (c) Ray diagram and detector view 
for lens unit placed 3 mm from the obstacle. (d) Schematic diagram of imaging setup using a 

combination of the axicon and objective lens. Note: 1 is point source illumination, 2 is a 

rectangular obstacle (10 mm X 0.05 mm, absorbing medium), 3 is a biconvex lens (25 mm 
diameter), 4 is axicon lens (25 mm diameter) and 5 is the detector. The distance between point 

source and obstacle is fixed at 5 mm for all the measurements. The distance between axicon 

and the conventional lens is fixed at 10 mm. The detector is also placed at the same position 
during all measurements. 
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Fig. 9. Comparison of resolution for axicon lens and combined axicon objective lens unit. 

USAF 1951 test chart imaged through (a) axicon lens (Inset shows group 6 and 7 not resolved). 

(b) 10x objective lens and (c) combined axicon- 10x objective lens unit (this image shows that 
group 6 and 7 elements are resolved by combined lens unit). 

Further to validate the overall improved resolution of the axicon-objective lens unit, a 

sequence of mouse kidney cells were imaged behind 60 µm hair in real time, using this 

microscope configuration Fig. 10 (see also Visualization 3). Additionally, we also provide 

Visualization 4 demonstrating the reconstruction of kidney cells behind 200 µm thread. 

Further to validate that the swirling caused due to axicon lens in the combined lens unit does 

not impact the imaging, we have imaged a region of kidney cells with an objective lens (10x) 

and compared the same region imaged with a combined axicon- objective lens unit. The result 

shows no significant effect of swirling contributed by the axicon lens on the kidney cell 

images (Fig. 11). 

 

Fig. 10. The sequence of mouse kidney cells (microscopic) raw image formed behind hair. (a-

c), illustrate the movement (towards right side) of cells behind a hair of thickness 60 µm. Each 
image has an inset attached to it showing specifically the imaged region of interest (ROI) with 

improved contrast. 

3.5 Real time imaging behind a needle during surgical insertion 

The robustness and versatility of the conceived idea are demonstrated by simulating a surgical 

injection ambiance. We are first presenting a video to explain the concept of imaging the 

sample blocked by the surgical needle using white light in real time (Visualization 5). It is 

evident from the Visualization 5, that irrespective of the movement of the sample (object to be 

imaged) or needle (obstacle), it is still possible to image the sample clearly behind the needle. 
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This method allows the precise positioning of the needle on the sample. This is achieved due 

to the extended DOF of the axicon lens. In this configuration, the shadow can be observed 

when the sample is very close to the object. However, it doesn’t affect the imaging 

significantly (Visualization 5). 

Additionally, this is further validated also in fluorescence configuration. In this 

experiment, a fluorescently stained biological specimen is kept behind a surgical needle (0.35 

mm) and the image of the sample, kept behind the needle, was found to be forming in real 

time. The raw image sequence of needle insertion is shown in Fig. 12. It is important to note 

that in the fluorescence imaging method there is no shadow effect present. It can be inferred 

that though the insertion of the syringe needle was slow, the needle could not be seen due to 

the image formation of the sample, which is the basic principle of the proposed method. Most 

importantly, since the needle (obstacle) does not block the FOV, by this technique precise 

positioning or insertion of the needle is achieved. 

 

Fig. 11. Comparison of image quality through 10x objective and 10x objective - axicon lens 
unit. (a) White light image of mouse kidney cells imaged through the 10x objective lens. (b) 

The region of mouse kidney cell image (fluorescence) using laser through the 10x objective 
lens. (c) White light image of mouse kidney cells imaged through a combination of 10x 

objective- axicon lens unit. (d) The region of mouse kidney cell image (fluorescence) using a 

combination of the 10x objective - axicon lens unit. Note both images (a-c) and (b-d) are taken 
exactly from the same location of the sample. 

4. Discussion 

Optical imaging behind opaque obstacles is a long sought after goal with important 

applications in many fields. Recently, there have been a lot of advancements in imaging 

techniques to see through scattering or turbid media such as wavefront shaping [6, 22], ghost 

imaging [23] and adaptive optics technology [24, 25]. These techniques have found potential 

applications in numerous fields such as astronomical observations, microscopic imaging in 

turbid tissues and non-destructive testing of defects in microelectronic devices [26, 27]. 

Viewing through turbid media is challenging due to the fact that the random refractive index 

variations within the turbid media distort the spherical wavefronts generated by every point 

source, resulting in a smeared image formation. Though these studies have focused on 

imaging through turbid or highly scattering media, imaging behind opaque obstacles still 

remain challenging in biomedical diagnostic imaging, both in vitro and in vivo. 
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Fig. 12. Illustration of image formation behind surgical needle during insertion. (a-c), Shows 
the movement of syringe needle kept in front of the biological sample. (d-e), Shows the 

insertion of the needle into the sample. (f-g), Fluid (stained) is injected into the sample. (h-i), 

Illustrate the retrace path of the needle after injection. The arrow in images shows the tip of the 
surgical needle. Note the video also is provided for the same experiment (see Visualization 6). 

In this manuscript, we have presented the use of an axicon lens in the proposed 

configuration to image samples behind obstacles in real time. Using white light and laser light 

as the illumination sources, the phenomenon of image formation behind obstacle is 

demonstrated. The method was analyzed in transillumination, reflection and fluorescence 

configurations. Using this approach, we have performed imaging behind different opaque 

objects such as Allen key, syringe needle, metallic pin, hair and thread. It is important to note 

that these objects had different shapes and sizes. It is to be mentioned that the axicon position 

has to be optimized with respect to the object in order to get the image behind the obstacle. So 

for different obstacle depending on their size, the position of axicon has to be changed. 

Axicon lens aperture should be larger than the obstructed object to capture rays behind the 

object 

Using Zemax, we have simulated imaging of a point source obstructed by a rectangular 

object (10 mm X 0.05 mm, absorbing medium 100%) which was placed within the FOV of 

the detector. Here, we compared the performance of conventional lens (LA1986 - N-BK7 

Plano-Convex Lens, f = 125mm, Thorlabs) and axicon lens (AX255-A, Apex angle 170°, 

Material: UVFS, Thorlabs) as the imaging arm. The aperture size used for conventional lens 

and axicon was same. As compared to a conventional lens with fixed focus point, axicons 
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with apex angle 170
ο
 have larger DOF (axicon lens has no focus point unlike conventional 

lenses). It is important to note that imaging plane can be from the surface of the axicon lens to 

different planes along very long DOF (Fig. 3). In contrast, it is impossible for a conventional 

lens to image an object at all points from the lens surface to its focal position (Fig. 2). This 

simulation result was further verified with experiments (Visualization 1), to emphasize this 

relevant point. 

What are the challenges of using axicon lens as an imaging optical element in 

microscopy? Obvious reason is due to their low numerical aperture compared to microscopic 

objectives. It is evident from Fig. 9 that smaller elements in the USAF chart were not resolved 

through axicon lens. Additionally, slight swirling effect introduces distortion at the central 

focus region (Fig. 9(c)). Another reason is an axicon easily succumbs to an aberration in the 

case of oblique or off axis illumination [28]. 

In this study, to perform imaging behind an obstacle with the improved resolution, we 

have combined a single axicon with an objective lens to form a combined unit (Fig. 8(d)). The 

image taken by combined axicon and objective lens unit were similar to the image taken using 

the single objective lens (see Fig. 11). It is important to note after combining the lenses, the 

imaging plane starts to form from the surface of the conventional lens (Fig. 7.). This result 

was further corroborated by performing Zemax optical simulation for imaging behind an 

obstacle with the combined lens unit. The result is shown in Fig. 8. It is evident from the 

results that, the combined unit allowed the point source to be imaged at the detector even 

when the obstacle was placed at multiple positions (beyond the DOF of the conventional 

lens). This imaging feature was not possible when only a single conventional lens was used 

(Fig. 2). By this approach, we have demonstrated that imaging resolution is improved with 

combined lens unit as compared to the earlier imaging system using single axicon lens (Fig. 9 

and Visualization 3). 

In a notable research work, paraxial ray optics cloaking is demonstrated in the visible 

regime using lens array by John C. Howell et al. [29]. However, one of the main limitation is 

the sample to be cloaked should be placed between the cloaking devices (optical device 

assembly) and not near the background or sample to be imaged. Moreover, this method has 

not been adapted into any microscopic configuration. On the contrary, we have demonstrated 

imaging behind an obstacle in microscopic configuration. Comparing with paraxial cloaking 

method, our imaging technique is also different, as imaging magnification is not one. 

In our study, we are not manipulating (bending or stretching) the optical rays neither 

changing the environment of the obstacle or using additional optical components to change 

the ray path as in conventional optical cloaking methods [30–35]. Instead, using a larger DOF 

of the axicon, we have demonstrated that it is possible to image the sample behind an obstacle 

at different DOF, irrespective of the position of obstacle or sample position. From this 

perspective, we have also demonstrated the imaging of biological sample behind surgical 

syringe needle as a proof of concept (Visualization 5 and Visualization 6). 

An earlier study by Bouchal et al. showed that an ideal nondiffracting beam can exactly 

reconstruct its initial intensity profile behind an obstacle of arbitrary form and size [20]. 

Importantly in this study, illumination is done through an axicon lens and collection is done 

separately via a camera which introduced shadow effects. However, it is important to note 

that, in our approach, we are performing illumination and imaging through the same axicon 

lens (Fig. 1). This means either the reflected or fluorescence light from the object is imaged 

by the camera through the axicon lens behind the obstacle. The reflected or fluorescence light 

from the object will not have self-healing properties. (Only the excitation beam through 

axicon can become a nondiffracting beam). Additionally, we have demonstrated this imaging 

concept using white light transillumination setup. All these experiments and observed results 

clearly show that the focusing plane of the axicon lens is the key contributor and not the non 

diffraction beam property of illumination to image behind the obstacle. For reflection 
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configuration shadow of the objects can be observed. However, the shadow can be eliminated 

in fluorescence scheme with the help of emission filter. 

Diagnostic medical imaging significance: The field of view of imaging systems used 

during microsurgery is restricted to the field of view of the microscope/imaging modality. As 

mentioned earlier there are instances where the surgical tools obstruct the field of view, 

especially when dealing with extremely small structures. It is possible to cause damage from 

surgical instruments unless the surgeon is always aware of the position of the targeted 

structures in the surgical site. From this perspective, we have here demonstrated the proof of 

concept of seeing the structures below the needle during surgical injection (Visualization 5 

and Visualization 6). Using this technique, it is illustrated that the needle can be inserted at 

the precise location, thereby reducing the number of needle injuries. 

5. Summary 

In this manuscript, we have demonstrated a method for imaging behind the opaque obstacle 

and its potential application in guided in vitro needle placement. It is envisaged that this 

simple and cost effective optical configuration described here can introduce a paradigm shift 

in the way imaging behind opaque obstacles is performed. Further, such an approach can offer 

a wide range of potential applications in a variety of fields such as diagnostic imaging, 

theranostics, microsurgery, to name a few. 
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